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Abstract: 
An artificial kidney process based on ultrafiltration (called 
hemodiafiltration) more effectively removes blood toxins, 
particularly those of higher molecularweight, than conventional 
dialysis. In hemodiafiltration, replacement liquid must be added 
directly to the patient's blood to replace liquid filtered out of the 
blood in the ultrafiltration cartridge. This replacement liquid is 
made up of' "water for injection" (WFI) and other components 
such as salts and glucose. WFI is produced either by distillation 
orreverseosmosisandhasacostof$1.00perliter.Apatientwith 
kidney problems would require three hemodiafiltration treatments 
per week, each requiring 70-80 liters of WFI. Since the target 
cost of a treatment is less than $IOO, the costofWFI alone, $70-
$80, makes the process not economically feasible. In order for 
the hemodiafiltration process to be widely used and to be 
affordable in third world countries, a system that produces WFI 
at a low cost is needed. A process to replace distillation or 
reverse osmosis must be capable of removing pyrogens. Some 
information is available in the literature indicating that 
ultrafiltration membranes can remove endotoxins, the main 
constituent ofpyrogens; however, no studies have been done to 
establish the type of ultrafiltration membrane that gives optimal 
removal of endotoxins. 
Ultrafiltration is known to be a much less expensive process 
than distillation or reverse osmosis. It is thoroughly estimated 
that WFI produced by Ultrafiltration System would cost only 25 
cents per liter. The purpose of this experimental work is to 
determine the type of ultrafiltration membrane that effectively 
removes endotoxins with an efficient flow rate. Regenerated 
cellulose and polyethersulfone membranes with various 
molecular-weight-cut-offs were evaluated to determine the 
endotoxin rejection and flux rates of the membranes. A stirred 
cell experiment was performed as a short-term test, using disc 
membranes with a diameter of 76 mm and three types of feed 
solutions. The Limulus Amebocyte Lysate (lAL) Gel Clot test 
was performed to measure the concentration of pyrogen in the 
filtrates. The best candidate from the stirred cell experiment was 
tested in a Hollow Fiber Cartridge Ultrafiltration System orera 
longer time period. 
The results showed that a polyethersulfone membrane with 
a molecular-weight-cut-off( J.UWCO) of 10,000 rejected endotoxin 
to below the US Pharmacopeia ( USP) limit of endotoxin content, 
0.25 EU!ml, with the best flux rate. Since polyethersulfone 
membranes were not available in a cartridge form, the membrane 
with the closest molecular stntcture, a polysulfone membrane, 
was tested in a Hollow Fiber Cartridge Ultrafiltration System. 
The results showed that the polysulfone membrane cartridge 
rejected endotoxin content from 625 EU/~1 to less t~l~n 0.25 EUI 
ml consistentlyovera week-long test perwd. In addllwn, the flux 
rate remained constant at 129 Um2/hr. Thus, the polysulfone 
membrane of 10,000 MWCO can be used in an ultrafiltration 
system to produce Water for Injection (WF1). 
Introduction: 
Water for injection (WFI) is used to make up the solution 
ed to replace the fluid lost from blood during hemodiafiltration, ~ . 
an artificial kidney process. In the regulations of US Pharmacopeia 
(USP), the primary purification process in manufact~rin~ WFI is 
uired to be either distillation or reverse osmosts. Either of :~se processes produces WFI at a cost of SI. per liter. In a 
hemodiafiltration session, 70 to SO liters of WFI 1s used, and the 
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most common regimen is three times a week. A patient uses 
nearly 15,000 liters ofWFl in a year. Due to the high cost ofWFl, 
the hemodiafiltration process is not affordable to all patients. In 
this work, ultrafiltration membranes were studied for removal of 
endotoxin, the main component of pyrogen, in order to substitute 
for current costly purification methods. 
Background: 
Dialysis is a routine process to treat patients with kidney 
failures. A regular dialysis method cannot, however, remove 
middle and high molecular weight blood toxins. The 
hemodiatiltration method, which is a modification of the regular 
dialysis method, can be used to remove middle and high molecular 
weight blood toxins. 
In the hemodiafiltration process, a patient's blood flows 
through a hemodiafiltration artificial kidney, which removes 
middle and high molecular weight blood toxins by increasing 
tiltration. A saline solution made up with water for injection, also 
known as 'reconstituting fluid,' is infused either into the inlet or 
the outlet of the hemodiafiltration kidney to replace the fluid lost 
from the blood. 
On average, a patient with kidney failure uses 70 to 80 liters 
of WFI in a hemodiafiltration session, totaling nearly 15,000 
liters in a year. In order for the hemodiafiltration process to be 
widely used and to be affordable in third world countries, a 
system that produces WFI from tap water at a low cost is 
necessary. 
Literature Review: 
In a normal dialysis procedure, a significant amount of 
endotoxins (ET) as well as other pyrogenic substances are 
detected. Endotoxins are fragments of dead bacteria. Dialysate 
containing endotoxins higher than the limit can cause endothelium 
damage, arteriosclerosis. and inflammatory problems such as 
amyloidosis. The major components of endotoxins are 
lipopolysaccharides (LPS) from gram-negative bacteria walls. 
The LPS can be divided into three substructures: a hydrophobic 
and high conservative structure formed by lipid A (non-polar), a 
core oligosaccharide conservative part, and a variable 
hetropolysaccharide surface structure. The last two parts can 
vary largely in structures and sizes, depending on bacterial 
species. This leads to a wide range of molecular weights, 3-25 
kDa (average 10-12 kDa), with a variety of biological activities. 
Pyrogens are very heat stable compounds and cannot be eliminated 
by autoclaving or microfiltration. 
The Association of Advancement of .Medical 
Instrumentation (AA .. l\U)estimates that approximately 75 million 
endotoxin units (EU) of ET and 30 billion bacteria passed 
through the 'water side' of the dialyzer during one year of 
hemodialysis treatments. According to its survey, 19-35% of 
water samples from dialysis centers had bacterial counts above 
the standards, and 6% of dialysate samples exceeded the AAMI 
endotoxin limit (5 EU/ml). It was highly expected that the 
regular use of sterile and endotoxin-free dialysate would help 
decrease the cardiovascular diseases and mortality rate of patients 
undergoing hemodialysis and, of course, would be absolutely 
essential for patients undergoing hemodiafiltration. 
Few methods to produce WFI without using distillation or 
reverse osmosis can be found in the literature. Reti and Benn (U. 
S. Pat. No. 4,610,790) showed a method of using a plurality of 
filtration and deionization steps producing sterile water. Harris 
(U.S. Pat. No. 3,959,128) used non-ionogenic hydrophobic 
synthetic polymers to absorb endotoxin from biological fluids. 
InJ une I 993 Kidnev Inti J oumal described an experimental 
circuit that was 'used to ultrafilter a bicarbonate dialysate 
contaminated (5 to 48 EU/ml) by a Pseudomonas Aeruginosa for 
240 hours with the flow rate of 500ml/min. In some research, 
ultrafiltration membranes were observed to remove endotoxin; 
however, no studies have been done to establish the type of 
ultrafiltration membrane that gives optimal removal of endotoxin. 
In this experiment, various types of ultrafiltration 
membranes were studied to remove endotoxins. The stirred cell 
test was performed as a short-term test with cellulose acetate 
membranes and polyethersulfone membranes with a diameter of 
76 mm, each having specific molecularweightcut-offs (MWCO). 
The LAL gel clot method was used to determine the endotoxin 
level in the filtrates. Three types of feed solutions with different 
endotoxin concentrations were used to study the endotoxin 
concentration with respect to the rejecting capability of the 
membranes. Aux rate versus concentration of the feed solutions 
was measured. The membrane that gave the best result from the 
short-term test was further tested in a Hollow Fiber Cartridge 
Ultrafiltration system as a long-term test. A feed solution with a 
high endotoxin challenge level was used in the long term process 
to assure the endotoxin rejecting capability of the membrane. 
Materials and Methods: 
Extreme care was necessary in all tests to avoid 
contamination problems. Safety gloves and goggles were worn 
during the entire experiment. Water used in all of the experiments 
was pyrogen-free water known as Water for Irrigation from 
Abbott Laboratories. 
Stirred Ultrafiltration Cell (UF) test 
AMillipore stirred UF cell. model no. 8400, with a volume 
of 350 ml was used in the experiment. Disc membranes with a 
diameter of 76 mm were also from Millipore Corporation. 
First of all, the stirred cell was dissembled, and the parts 
were submerged in a beaker containing 95% ethanol solution for 
15 minutes to remove all pyrogens, residues, and bacteria. Then, 
the stirred cell was thoroughly rinsed with waterto remove all the 
chemicals and contaminants stuck on the cell. As the membranes 
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were not sterilizing-grade, a sanitizing method was necessary to 
remove all the particles and residues on the surface and in the 
pores of the membranes. Each membrane was dipped in a plate 
containing 200 ppm of sodium hypochlorite solution before the 
experiment. Then, the membrane was also rinsed with water to 
remove the chemicals. After sanitization, in order to avoid 
scratching and contaminating the surface, only the edge of the 
membrane was held and the membrane was placed in the 
membrane holder of the cell. An 0-ring was put on top of the 
membrane, and the membrane holder was screwed firmly to the 
base of the cell. The parts of the cell were put together, and the 
cell was filled with 350 ml of feed solution. The filled cell was 
placed in its retaining stand, and the cell, together with its 
retaining stand, was placed on a magnetic stirrer. The stirrer was 
turned on enough for the stirrer in the cell body to keep moving 
to reduce membrane fouling. Then, with the pressure-relief knob 
in the vertical (closed) position, the inlet line was connected to 
the pressure-regulated nitrogen gas cylinder with a tube. It is 
essential to be aware that operating the cell without its retaining 
stand can result in cap popping off and splattering contents 
during pressurization. With the pressure valve closed, the pressure 
gauge was set to 60 psi. Increasing pressure above a critical point 
may result in a lower flux rate due to compact layer of retained 
materials on the membranes. It was also necessary to be aware 
that the pressure limitation of the stirred cell was 75 psi. While 
holding the cell steady on the magnetic stirrer, the pressure value 
was turned on, and timing was started with a stop watch to study 
the flux rate. The first 200 ml of the permeate was drained out 
from the filtrate exit tubing into a beaker to not collect residues 
stuck in the cell and tubing. Using a sterile, non-pyrogenic 45-ml 
centrifuge tube, about 5 ml of the sample was collected. Timing 
was stopped when the cell was empty. Then, another 350ml of 
feed solution was poured into the cell and followed the same 
steps for flux rate study. Totally, four runs using a total of 
1 ,400ml of feed solution were conducted on each membrane in 
order to get enough data for the flux rate study. Flux rate was 
determined by the following formula. 
Net diameter= diameter of membrane- diameter of 
0-ring 
Flux rate = volume of water (L) I (Net area of the 
membrane (m2) *time (hr)) 
The endotoxin concentration in the permeate was measured by 
using the LAL gel clot test. 
Pyrosate Limulus Amebocyte Lysate (LAL) Gel Clot test 
All the materials required for the LAL test were purchased 
from Associates of Cape Cod Inc. A dry-bath incubator was 
turned on and calibrated to 37 °C following the instruction in the 
manual. It was necessary to be aware of a few things. When the 
temperature first reached 37°C, the temperature was not stable 
yet. It would be noticed that the temperature would go beyond 37 
°C, go back down below 37 °C, and then go back to 37° C. When 
the temperature stayed at 37± I °C, the incubator was ready to 
use. 
LAL gel clot kits used in this study had the sensitivity of 
0.25 EU/ml. Dilution tubes made of flint (soda lime) glass, LAL 
reagent water (LRW), a four-channel digital stop watch. and 
non-pyrogenic disposable pipettes were also used for the gel dot 
test. 
Limulus amebocyte lysate is an aqueous extract of blood 
cells (amebocytes) from the horseshoe crab. Limulus polyphemus. 
Gram negative bacteria cause Limulus blood to clot. It was later 
determined that clotting was initiated by a unique component of 
the bacterial cell wall called endotoxin or lipopolysaccharide. 
The endotoxin concentration in the solution before and 
after the experiment was determined. Good labeling skills and 
sanitization methods are highly recommended for this test. 
First of all, four pairs of SPL (blue capped sample tube) 
and PPC (red capped positive control tube) were put in two rows 
in a rack. The stoppers were removed and the tubes were put back 
in the rack. Four dilution tubes were placed in another rack to 
perform a series of dilutions. Using anon-pyrogenic individua~ly 
wrapped pipette, each of the two dilution tubes were filled wtth 
1-ml of sample solution from the centrifuge tube. The pipette 
was labeled '1' and was'temporarily put back into the package 
for further use. Using another new pipette, the second dilution 
tube containing 1-ml of sample solution was added with 1-ml of 
LRW water to make the concentration half. The pipette was 
labeled 'L' and put it back into the package. Then, the second 
dilution had a total of 2 ml solution. Using a new pipette. a 
solution of 1 ml was transferred from the second tube into the 
third tube and labeled the pipette '2'. Using the pipel!e labeled 
'L', LRW water of 1-ml was added to make the concent:ati~n 
one-fourth. Following the same procedure, the concentratiOn rn 
the fourth tube was made one-eighth concentration. 
After the dilution task was performed, the pipette labeled 
'I' was used to transfer0.5 ml of solution from the first tube into 
SPL tube. The tube was shaken vigorously for 15 to 20 seconds ~0 ensure thorough mixing. The contents should dbsolve in the 
solution in this period. Failure to dissolve adequately can produce 
unsatisfactory results. After the contents ha~ dissolved, 0.25 ml 
of solution from SPL tube was transferred mto a PPC tube for 
positive control test using the same pipette l~bel~d 'I·. Th~ sa~1e 
procedure was followed to transfer the :olutwn from thed!lutwn 
tubes into SPL and PPC tubes respectively. 
The SPL and PPC tubes were immediately transferred i~to 
a drv-bath incubator and incubated at 37±1 .cc for .the peno~ 
·t. d t·n the LAL manual. The incubatmg penod can be men wne . . ~ . . 
different for different packages, but generally tt ts 2~ mmutes. 
When the time was up, each tube was removed from ~e ~~cubator, 
and the result~ were interpreted. A positive test was mdJcated by 
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the fonnation of a gel that does not collapse in a 180 degree 
inversion. A negative test was indicated ifthe content was still in 
aqueous state or the gel clot collapsed when the tube was inverted 
180 degrees gently. 
The PPC tubes must be test positive to rule out false 
negative results. If the positive control was negative, the SPL 
tube was positive, the specimen was believed to be interfering 
with the LAL test, and the test should be redone. 
The endpoint of the test was defined as the least concentration 
of endotoxin to give a positive test. The following method of 
determining the concentration of endotoxin was used. For 
example, the endpoint was assumed to be at one-fourth dilution, 
Specimen Dilution Test Result 
Undiluted + 
1/2 
1/4 
1/8 
+ 
+ 
Pyrotell sensitivity ("), in this case 0.25 EU/ml, was 
multiplied by the reciprocal of the dilution at the endpoint to 
determine the concentration of endotoxin. 
Endotoxin Concentration= (a) (4/1) = 0.25 EU /ml * 4 
=1 EU/ml 
If the negative result was not indicated in all four SPL 
tubes, more dilution tubes were prepared until one sample 
solution gave the negative result in a SPL tube. 
Three types of feed solutions were used in this experiment: 
tap water, Milli Q water, and pond water. Milli Q water was 
obtained from Milli Q water filtration system. To challenge the 
resistance of the membrane, pond water, which contained high 
endotoxin concentration, was used. The endotoxin concentration 
of tap water and Milli Q water were determined by LAL Gel clot 
method in the lab. Due to limited material, pond water was sent 
to Associates of Cape Cod to detennine the endotoxin 
concentration. 
Hollow Fiber Cartridge Ultrafiltration (UF) System 
The Hollow fiber Ultrafiltration System was from Koch 
Membrane System Inc. The cartridge studied in this experiment 
was also from Koch Membrane System Inc. The system was 
made of t~ee basic comp~nents: a 12 L process tank, a pump, 
and a cartndge. As no coohng system was used in the system, the 
te~perature of the feed solution would increase slightly as the 
flmd was pumped. However, it would not affect the results of the 
experiment since pyrogens are heat stable compounds. 
First of all, the system was sanitized with the following 
ttu-t:e steps of cleaning cycle. After each step, the solution was 
drained out of the system by opening V3 as shown in appendix 
A. 
1. Milli Q water, SL, was flushed through the entire 
system for 20 minutes. 
2. Sodium Hypochlorite, SL, with a concentration of 
200ppm was circulated in the system for 20 minutes. 
3. Water for Irrigation, 5 L, was run in the system for 
20minutes. 
Each step of the cleaning cycle had its own significance. 
The Milli Q water rinsing cycle was to remove residue in the 
system. As hypochlorite is an oxidizing agent for membranes, 
sodium hypochlorite cleaning cycle was used to remove bacteria 
and pyrogen lodged in the pores of the membrane. Water for 
Irrigation cycle was to remove the chemicals and materials 
remaining in the cartridge. 
Since the chlorine resistance of the polysulfone membrane 
was 200 ppm for short term sanitation, it was suggested to 
consult the vendor if longer sanitation period was necessary. 
To make sure the system was completely cleaned, 4 L of 
water for irrigation was circulated in the system. Before the 
sample was collected, the tip of outlet tubing to which clamp no. 
I was attached was disinfected with 95 percent ethanol solution 
by dipping in a beaker. To remove the chemical stuck on the 
tubing, the tubing was dipped and rinsed with water for irrigation. 
When the sample was collected, clamp 2 (C2) was closed and C 1 
was open. The first 300 ml of permeate was drained out, and then 
the sample was collected in a 45-ml non-pyrogenic centrifuge 
tube. The endotoxin concentration in the permeate was determined 
by the gel clot test. Only when the permeate measured less than 
0.25 EU/ml was the system believed to be clean and ready to use. 
---~~~---L,. __ -_-__ -~-----.....;P2;.;;...·.;.::-·JM~"--; ;J 
'-~\:::_------r-T~T--
.\ -~--~~~~- _..l' 
Wa!M \ -----··-- / 
Tri \\,:::/ C1 
!/·. P1 ,1, -~· 
--"-C:J,..._.L __ r;~,_.,. ____ __.f Va1Ye1 
""---..:-.. 
. ~ 
Fzgure 1: Schematic Diagram of the Holl~r..v Fiber Ultrafiltration System. 
A schematic diagram of the hollow fiber cartridge 
ultrafiltration system is shown in Figure 1. Pond water 5 L was 
poured into the tank, and the pump was started with downstreant 
valve (V2), Ciamp2 (C2) open, and Cl, C3 closed. Then, the 
upstream valve (V l) was turned on gradually until the upstreant 
pressure (Pl) reached 10 psi. The downstream valve (V2) was 
closed slowly until the pressure (P2) was close to 15 psi. The 
upstream pressure (PI) increased as the downstream pressure 
(P2) was raised. By adjusting the two pressure valves, PI was 
4
Inquiry: The University of Arkansas Undergraduate Research Journal, Vol. 7 [2006], Art. 13
http://scholarworks.uark.edu/inquiry/vol7/iss1/13
CHEMICAL ENGINEERING: Soe--Ultrafiltration Membrane Process for Pyrogen Removal 77 
read 25 psi and P2 15 psi. The transmembrane pressure of 10 psi 
(the difference between Pl and P2) was held constant for the 
entire experiment. It was highly recommended not to use the 
pressure more than 25 psig since the pressure limitation of the 
hollow fiber cartridge is 25 psig. The system was operated for 8 
days continuously. The sample was collected every 24 hour, and 
the endotoxin concentration was determined by the gel clot test. 
The feed solution was drained out by opening C3 after collecting 
sample at the end of the operation. 
The operation was immediately followed by the cleansing 
maintenance so as not to let the membrane dry out in contact with 
feed materials. Sodium hypochlorite, 5 L, with the concentration 
of 200ppm was pumped through the system for 20 minutes to 
remove the feed materials in the pores of the membrane, and then 
water for irrigation was circulated in the system for 20 minutes 
to wash away all the chemicals and residues. 
Results and Discussion: 
The results from the Stirred Ultrafiltration Cell Test 
and the Hollow Fiber Ultrafiltration System are presented 
below. 
Stirred Ultrafiltration Cell (UF) test 
LAL gel clot test showed that Milli Q water had endotoxin 
content of I EU/ml and tap water of 16 EU/ml. As previously 
mentioned, according to the report from Associates of Cape Cod, 
pond water had endotoxin content of 625 EU/rnl. 
Totally, four runs were conducted on each membrane with 
the same type of feed solution, and permeate sample was 
collected after each run. The LAL test was performed to determine 
the endotoxin concentration of the permeate, and the results are 
shown in table 1. 
Regenerated Cellulose mernbranes 
As shown in Table I, none ofthe regenerated cellulose 
membranes rejected the endotoxin concentration to less than 
0.25 EU!ml. It was observed that endotoxin rejection declined 
Flux Rate of Regenerated C.llulose with MWCO= 
100,000 
2000 
:F 
•MiiDQwater (;! 
' •T;opWater e 1500 
' d. I I . Pard Water j 1000 
)( 
.2 500 u.. 
0 
0 0.5 1 1.5 
Amot.rlt of water (l) 
_. 
Figure 2. Flux rates of regenrated cellulose membrane with MWCO = 100,000 
Flux Rate of Regenerated Cellulose with 
MWC0=30,000 
500 
~400 • • MilD Q Water • • • • •Tap Water !300 • 
.! 200 ~ 
~100 
u: 
0 
0 0.2 0.4 0.6 0.8 1 1.2 
Amwnt d Water (l) 
Figure 3. Flux rates of regenerated cellulose membrane with MWCO = 30,000 
Flux Rate of Regenera1ed CeDulose with 
MWC0=10,000 
200 
:F •Milli a water 
~ 150 • • ' * 
eTapW-E 
PondW-d-100 
i 50 ~ 
u.. 
0 
I 0 0.2 0.4 0.6 0.8 1 1.2 I Amourt of Water(l) I 
Figure 4: flux rates of regenerated cellulose membrane wi MWCO = 10,000 
jMwco Milli Q ( = 1 EU/ml) Tap water ( - 16EU/ml) Pond water ( 625 EU/ml) Endotoxin con. (EU lml) Endotoxin con. (EU I ml) Endotoxin con. (EU I ml) 
100,000 0.25 0.25 ~0.25 
30,000 0.25 0.25 0.25 
10,000 0.25 >0.25 20.25 
Table 1. Endotoxin concentrate m the permeate from regenerated cellulose membranes. . d I · II as the volume of the 
concentratiOn of the fee so utwn as we 
slightly with the pond water, which contained hi~ ch~lle~ge solution. In Figure 2. the flux rate of tap water ~eclined slig~tly 
level of endotoxin. It suggested that the endotoxm reJectmg compared to that ofMilli Q water as the endotoxm concentration 
capability of the regenerated cellulose membranes decreased was hiaherin tap water. For pond water, the flux rate was much 
with the high level of endotoxin. lower fuan that of the other feed solutions. It was presumed ~at 
AsseeninFigure2andFigure3, thefluxratesofregenerat~d due to the high conce~tration of solids in the feed s?lu~on, 
cellulose membranes decreased with respect to the endotoxm fouling of membranes mcreased and the flux rates declme 
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Milli Q ( = 1 EU/ml) Tap water ( = 16EU/ml) Pond water ( = 625 EU/ml) 
MWCO Endotoxin con. (EU I ml) Endotoxin con. (EU I ml) Endotoxin con. (EU/ml) 
500,000 0.25 >2 > 16 
300,000 0.25 >2 1 
100,000 NIA <0.25 0.25 
50,000 N/A < 0.25 0.25 
30,000 NIA < 0.25 0.25 
10,000 NIA <0.25 <0.25 
Table 2: Endotoxin concentration in tlte permeate from polyetltersuifone membranes 
Forregeneratedcellulose membrane with MWCO = 10,000, 
the same phenomenon was observed. The flux rate of Milli Q 
water was the highest, followed by that of tap water, and by pond 
water. From this observation, it is inferred that membrane 
fouling was significant with disc membranes. The flux rates 
decreased a lot from 0.25L of solution to 0.5 L, and formed a 
parabolic curve after 0.5 L of the feed solution. 
Polyethersulfone membranes 
From Table 2, it was observed that endotoxin rejection of 
·polyethersulfone membranes with MWCO 500,000 andMWCO 
300,000 could not meet US Pharmacopeia (USP) limit (<0.25 
EU/ml). For MWCO 100,000, MWCO 50,000, MWCO 10,000, 
endotoxin of the feed solution was rejected to less than 0.25 EU/ 
mi. However, with high challenge level of feed solution (pond 
water), the gelclottestshowed0.25 EU/ml. The polyethersulfone 
with MWCO I 0,000 showed the most satisfactory results rejecting 
endotoxin below 0.25 EU/ml in permeate of tap water and pond 
water. 
Flux rates of polyethersulfone membranes were plotted in 
Figures 5. 6, and 7. Due to limited numbers of membranes, only 
one type of solution was tested for flux rate study. The flux rates 
declined with respect to the volume of water and formed a 
parabolic curve after0.5 L of feedsolutionasobserved previously. 
Upon comparison between regenerated cellulose and 
polyethersulfone membranes. endotoxin rejection of 
polyethersulfone was more reliable than that of regenerated 
cellulose membranes. Permeate from regenerated cellulose 
membrane with MWCO = 10,000 resulted in 0.25 EU/ml, but 
polyethersulfone membrane with MWCO = IO, 000 rejected 
endotoxin to less than 0.25 EU!ml. The flux rate of 
polyethersulfone membrane was also nearly four times higher 
than that of regenerated cellulose membranes. Due to limited 
mechanism in manufacturing of membranes, the flux rate of one 
membrane could not be exactly the same as another membrane 
of the same type. However, flux rate of polyethersulfone 
membranes were apparently higher than regenerated cellulose 
membranes. 
Flux Rate of Polyethersulfone membrane with 
MWC0=1 00,000 
6000 
E 5000 . If• Tap 
"' 
,...ter e 4000 . 
~ 3000 • • 
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Figure 5: Flux rates of polyetl!ersulfone membrane with MWCO = 100,000. 
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MWC0=50,000 
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Figue 6: Flux rates of polyetltersulfone membrane with MWCO = 50,000. 
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Figure 7: Flux rates of polyethersulfane membrane with MWCO = 10,000. 
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Therefore. a polyether ·u lfone membrane with MWCO = 
10.000 was chosen to test in Hollow Fiber UF. y tern for a long-
term period. Due to limited availability of the membrane in the 
market, polyethersulfone membrane was not available in cartridge 
form. The membrane with the clo e t molecular tructure, 
polysulfone membrane cartridge, was chosen for the Hollow 
Fiber UF ystem experiment. 
Hollow Fiber UF ystem experiment 
The result howed that poly. ulfone cartridge with MWCO 
10,000 rejected the endotoxin concentration from 625 EU/mJ tO 
le s than 0.25 E U/mL The rejection capability of the cartridge did 
not decline during the eight-da) period. The flux rate tayed the 
arne at 129Um~/hr. ln the hollow fiber cartridge y tern. fouling 
of membrane wa not ob erved. and the same nux rate Wa! 
observed for all the entire period. It can be concluded that 
polysulfone membrane can reject endotoxin meeting USP 
tandard, and it5 rejecting capability clid not decline in the 
continuou operation for the eight day period. 
Conclusion: 
Re ults from short-term experiment howed that 
regenerated cellulo e membrane. (MWCO 100.000; MWCO 
30.000; MWCO I 0.000) cannot reject endotoxin to meet the US 
Pharmacopeia standard ( <0.25 EU/ml). The endotmun rejection 
of Polyethersulfone membranes (MWCO 500.000 and MWCO 
300.000) is not below 0.25 EU/ml. Polyethersulfone membrane 
(MWCO 50,000 and MWCO 30.000) can reject endotoxin in tap 
water to le s than 0.25 EU/ml. However. with high level of 
endotoxin, the membranes cannot meet the tandard. For 
pol yether ul fone membrane with MWCO I 0,000. the endotoxin 
measured le than 0.25 EU/ml in the permeate . The flux rate 
of polyethersulfone membrane were about four rime higher 
than tho e of regenerated cellulo e membrane . From the above 
ob ervation, a polyethersulfone membrane with MWCO I 0,000 
waste ted in the Hollow Fiber Ultraftltration Sy tern a a long-
term test. A polyethersulfone membrane was not available in a 
cartridge form in the market, the membrane with the clo est 
molecu Jar tructure, pol ysulfone membrane cartridge, was tested 
in the Hollow Fiber UF Sy tern experiment for the long-term 
te t. The high endotoxin olution with a content of 625 EU/ml 
was used in this te t Throughout the eight-day experimental 
period, the membrane rejected endotoxin tole than 0.-5 EU/ml 
without lo ing its rejecting capability. The flux rate stayed the 
arne at 129 um~lhr for all the entire period. Therefore. it is 
strongly recommended that an ultrafiltration method using 
polysulfone membrane with MWCO 10.000 be used for the 
primary purification method in producing water for injection. 
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Faculty comments: 
Mr. Soe' mentor, Roben Cro , bad the following remarks 
to make about hi tudent' work: 
Thet came to see me two years ago searching for an 
undergraduate research project. We agreed that he 
would take on a critical part of the work that I was 
doing under a grant from the Arkansa Biosciences 
Institute to develop an economical process for 
preparing the type of high purity water needed in an 
artificial kidney proces called hernodiafiltration. 
Thet's project ' as to find the m t cost-effective 
ultrafiltration membrane for use in the process. Thet 
wroteanexcellentproposalandwa abletoreceivean 
Photograph 5: Stirred Ultrafiltrat#3DDB1F 
undergraduate research scholarship from the Honor's 
College for his project. 
During the course of the project he did outstanding 
work in formulating the work plan, in carrying out 
the research, and in writing up the results. In particular, 
he was able to develop innovative procedures to 
obtain reproducible results from an analytical test 
requiring very careful techniques to prevent sample 
contamination. He was also able to organize the data 
in such a way to obtain logical conclusions and achieve 
the project goals. 
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